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ABSTRACT
Technology is changing the way we acquire new skills and
proficiencies and handwriting is no exception to this. How-
ever, while some technological advancements exist in this
area, the question of howwe can digitally enhance the process
of learning handwriting remains under-explored. Being im-
mersed in this process on an everyday basis, we believe that
school aged children can provide valuable ideas and insights
into the design of future writing tools for learners developing
their (hand)writing skills. As end-users of the proposed tech-
nology, we explore including children in a form of informed
participatory design during a creativity lab where we invited
12 children, aged 11–12, to put themselves into the shoes of a
product designers and create a Pen of the Future using proto-
typing materials. In this paper we describe our methodology
and discuss the design ideas that children came up with and
how these may inform the design of future writing tools.
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INTRODUCTION
Technology is integrated into our daily lives including work-
and spare time activities. From a very young age, children
are exposed to more technology than ever while acquiring the
skills and knowledge expected in the modern world [3]. How-
ever, some foundational skills, such as handwriting, have re-
mained largely untouched by the digital revolution. As tech-
nology progresses, it is likely that learning handwriting at
school will include some form of digital enhancement, but the
research, design, development and evaluation of such tools
have yet to be fully explored.
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Digital handwriting technology has already been successfully
applied in educational settings [2, 4, 18]. For example, intro-
ducing haptic feedback during handwriting has been found
to improve letter recognition and phonological awareness in
children [2, 15]. Furthermore, studies have investigated using
digital writing tools with handwriting recognition software
for text entry and digitisation [17, 18, 20]. In the context of
teaching mathematics, it has been shown that augmenting pen
and paper using digital projection can help the understanding
of geometry [4] and facilitate learning by providing calculus
functionality [25]. In addition, the suitability of using differ-
ent handheld devices in classrooms for writing [13] or when
solving maths problems has also been investigated [14, 24].
Previous work highlights the potential of digital writing tools
in educational contexts, however, a writing tool with poten-
tial widespread use in schools has yet to be fully designed
and specified. Furthermore, research has shown that adults
and children perform differently when using technology, for
example, when using touch and pen gestures [1]. The design
of digital handwriting tools will require investigations into the
requirements, in terms of functionality, suitability, and appeal
for children while learning.
With the design and evaluation of technology aimed at chil-
dren, it is increasingly common to include them in the design
process. Children have acted as design partners [10], partici-
pated in usability studies [7, 19] and workshops [12, 16, 23]
and have provided feedback on the use of design probes [21,
26]. Participation in such activities is an opportunity for re-
searchers who get to collect direct qualitative feedback from
their target user group [11] and for children to learn, be cre-
ative, and inform the design of future educational products
that are both effective and fun to use.
Our Children’s Creativity Lab, as a form of participatory
design workshop, invited children to be creative in helping
solve a contemporary design problem relevant to their every-
day life. The exploratory activities that we offered as part
of the Lab introduced children to the capabilities of current
available handwriting technology (e.g., Anoto pens1 and Wa-
com tablets2) and asked them to consider which features they
would find appealing as part of a Pen of the Future. By the
end of the workshop, children had created a model of their
pen, using prototyping materials e.g., plasticine, card stock,




Figure 1: Pens, pencils, crayons, coloured paper, and plas-
ticine used to create low-fidelity prototypes.
of these models introduced children to creative design pro-
cesses in an accessible way, using vocabulary and materials
suitable for children, and provided us as researchers useful in-
sights about the children’s take on digital handwriting tools to
inform the design of handwriting technology that we intend
to build in the future.
INCLUDING CHILDREN IN DESIGN ACTIVITIES
Children can be included, to different extents, at different
stages of the design process. Typically, children’s participa-
tion can take the form of one of four recognised roles: user,
tester, informant and design partner [8]. This role is deter-
mined by many factors, usually as a balance between the best
approach, time and resources. During our Children’s Creativ-
ity Lab, we asked children to become a design partner for the
duration of the Lab session.
As design partners, children are involved in the entire design
process of new technology [8]. Such an involvement can be
short or long-term and include participatory design and co-
operative inquiry [8, 11]. Participatory design is based on re-
searchers and child participants working alongside each other
during a design task. This approach allows children to apply
their insights and own experience to a project in a school-
like environment, where everyone benefits frommutual learn-
ing [11]. A more recently developed theory, co-operative in-
quiry, places emphasis on the inclusion of children as full de-
sign partners: where they conduct field research and undergo
training in order to iteratively create low-tech and high-tech
prototypes [8]. In our Creativity Lab, children were treated
as design partners for the duration of the lab session.
Participatory Design in a Workshop Environment
Scheduled workshops such as our Creativity Lab provide op-
portunities to temporarily get children involved in the design
process. The setup of the workshop can offer a lot of flexibil-
ity: tasks can be very specific or more open-ended, time com-
mitment can vary from a few hours [23], to months [5] or even
years [16]. Participants can work individually, in pairs [23]
or as part of a larger group [27]. Deciding which workshop
approach to take requires finding a balance between time con-
straints, and resources.
CREATING A PEN OF THE FUTURE
During our Creativity Lab, as outlined below, we complete
a mini design process. Our approach, that drew from the
theories of co-operative inquiry, and participatory design ap-
plied them in a condensed session. Over the course of the
workshop children were guided through the design process
in small tasks: learning about handwriting assessment, dig-
ital writing technologies, and applying their knowledge to
solve a design problem. Each section of the workshop is de-
livered in a way that is both suitable and enjoyable for chil-
dren e.g., using appropriate language, encouraging participa-
tion with each other, and using familiar craft materials. By
presenting the workshop as a series of small sub-tasks the ac-
tivity becomes more easily achievable whilst also allowing
children to benefit from a relaxed but engaging environment.
Our Creativity Lab was organised and conducted as a part of
the Advances in Computer Entertainment Technology 2014
(ACE’14) conference workshops. We document the process
and outcome here in the hope that the findings will inform the
design of future writing tools aimed for classroom contexts.
Participation
We invited 12 children (5 boys), aged 11–12, from a local
high school to take part in our Creativity Lab. In contrast to
younger children, children of this age are able to understand
and to participate in the activity of the Creativity Lab. Fur-
thermore, with long-term first-hand experience in handwrit-
ing, they can provide their opinions about handwriting and
how they feel this can be improved using digital technology.
Children were asked to work in groups of two to three. We
hoped that working in groups would encourage them to ac-
tively participate in the session and to actively develop and
discuss a large range of ideas. The session was conducted
by one of the authors with the help of two native Portuguese
facilitators (Portuguese was the children’s native language).
Over the course of the session children were introduced to
current off-the-shelf handwriting technology such as tablets
and Anoto pens, and were introduced to the functionality of
different hardware that may be included into a digital hand-
writing tool (e.g., pressure and tilt sensors, cameras, etc.). To
keep the children engaged in the project, they participated in
hands-on activities, and were asked to step into the shoes of a
designer, creating a prototype using various prototyping ma-
terials.
Creativity Lab Setup & Procedure
The Pen of the Future Creativity Lab session was designed
to be a fun, engaging, educational, and creative activity for
children. During the session children were guided by en-
thusiastic facilitators as they participated in interesting short
sub-activities that built towards the final aim of the workshop:
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(a) Sketch of Concept (b) Low-Fidelity Prototype (c) Flower Pen (d) Final Product
Figure 2: The design of an aesthetic pen holder from concept, to prototype to final product.
becoming a designer to make a Pen of the Future prototype.
By dividing the lab session into four small activities, children
were guided through the design process in achievable steps.
The Creativity Lab was conducted in one of the school class-
rooms, that had a whiteboard and projector available for use.
Each step of the session (which lasted less than two hours in
total), was documented using photographs and video.
Brainstorming: What makes ‘good’ handwriting?
In order to get children in the right mindset, the first session
of the day, which lasted 10 minutes, invited them to brain-
storm features that make for ‘good’ handwriting. To encour-
age an open atmosphere, facilitators introduced themselves
using their first name and used a light, conversational tone
with the children. All children were asked to brainstorm to-
gether as a group by shouting out their suggestions and these
were discussed and explained before being displayed, on a
whiteboard, which was visible to all the participants during
the session (see Figure 4(a)&(b)). In addition to aesthetics,
children were asked to also consider the physical skills re-
quired to be a good writer e.g., fine-motor control skills to
hold the pencil, and good hand–eye coordination. To aid the
discussion, the facilitators had access to a list of factors that
have been found to be relevant for good handwriting e.g.,
legibility of characters, consistent sizing, and correct spac-
ing between words and characters [6, 9, 22]. As a result,
the facilitator was able to prompt the discussion towards any
relevant factors which may not have been suggested by the
children themselves. At the end of the exercise, a slide with
a list of the relevant features of handwriting was shown and
discussed. This brief activity was designed to encourage a
fun, inclusive, and friendly atmosphere and children were
praised for their contribution and participation. In addition,
children were introduced to the vocabulary and concepts that
were helpful during the subsequent activity where they were
asked to evaluate handwriting samples.
Evaluating Handwriting Samples
During the second task, which lasted 25 minutes, children
were asked to apply their newly acquired knowledge to evalu-
ate handwriting samples. Again as a group, all children were
shown a handwriting sample (see Figure 3), via projection,
and asked to assess it using the vocabulary gained during the
previous task. Facilitators asked children to shout out their
opinions of the handwriting. This was repeated once more;
encouraging children to decide if the samples are good or bad
and to explain their opinions to the class. To make the activ-
ity more fun, children were asked to guess the writing tool
(pencil, pen or crayon), who wrote the sample (boy, girl, man
or woman) and other details like this. This consolidated chil-
dren’s learning as well as increased their confidence in the
activity.
Now, as accomplished handwriting ‘experts’, the children
were asked to work in groups of two or three to assess a hand-
writing sample. This approach helped to foster creativity and
discussion among all participants. Children were provided
with pens and asked to annotate the handwriting sample they
have been given; showing what they thought were good or
bad qualities (see Figures 5). By the end of this activity chil-
dren had acquired a firm grasp of what constitutes good hand-
writing. The following task introduced them to the potential
capabilities of technology to improve the handwriting process
and quality.
Figure 3: This handwriting sample was projected and as-
sessed by participants as a group.
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(a) (b) (c) (d)
Figure 4: The children took part in brainstorming (a), discussion (b), picked materials (c), and presented their prototype (d).
Technology and Prototyping
In order to inspire and inform the group, the facilitator spent
15 minutes introducing digital pens that are currently avail-
able on the market (i.e., tablet and stylus, Anoto pens, and
graphics tablets). Also, other more futuristic pen examples
have more unusual qualities (i.e., projectors, speakers, and
robotic arms). The facilitator described, using language suit-
able for children, how these digital pens work and the kind
of information they can gather from writers. Where possible,
video footage, images and/or the actual device was shown. At
the end of the session children were shown videos of different
digital pens in action. As part of this, digital data that such
pens can gather were shown and the concept of sensors and
actuators was introduced.
The facilitator explained that during the design process for
new products, sketches and prototypes are prepared using
low-fidelity prototyping materials such as paper, plasticine,
or sketches. To support this claim, images of design sketches
and prototypes were shown, see Figure 2. This introduced
prototyping as a step in the design process in an accessible
way, allowing the children to ease into the role of designers
whilst sparking ideas for the final activity.
Maker Session
During the final and main activity of the creativity lab ses-
sion, we invited children to form groups of two or three and
allocated 1 hour for them to design and prototype a Pen of
the Future. In this activity children were able to generate
ideas about what kind of pen they would like to use in the
future, using the knowledge and concepts acquired from pre-
vious sessions about handwriting and hardware components.
Children were encouraged to think about form and function
of the pen, and to consider aspects such as physical comfort
as well as novel functionality in their design. Ideas could in-
clude features that would help them improve their handwrit-
ing but could also go in a more futuristic directions. Children
had different means to flesh out their ideas: they could cre-
ate paper sketches, or model the pen using plasticine, straws
or other materials that were provided. They were encour-
aged to pick whatever material they felt most comfortable
and creative with (see Figure 4(c)). We found that most of
the children were enthusiastic and wanted to create their own
prototypes, which we did not prevent. As a result, ten chil-
dren worked individually while two worked as a pair. During
the activity, the facilitators asked children about their work
and ideas in a relaxed manner: children were encouraged
enjoy the activity by being creative, developing their ideas
and having fun with the materials. At the end of this session
each group was invited to present and describe their proto-
type with all its (imaginary) functionalities as part of a design
critique where each child was asked about their design and
thanked for their participation. These presentations, which
lasted about 10 minutes, were video recorded. All of the pro-
totypes and sketches were photographed for further analysis
(see Figures 6 for examples).
FINDINGS
During the Creativity Lab, children were engaged, actively
participated and used their knowledge and personal experi-
ence to prototype their Pen of the Future. In the following,
we discuss the results of the individual workshop activities,
in particular the artifacts that were created during the proto-
typing session (see Figure 6).
Brainstorming, Handwriting Evaluation & Technology
Prior to theMaker Session, children took part in small sub ac-
tivities designed to encourage them to think about what char-
acterizes ‘good’ handwriting and how technology can be in-
volved in the handwriting process. Children were highly en-
gaged in these first three activities, visible in vivid discussions
(see Figure 4(a) & (b)). Additionally children’s responses,
such as “the way how we hold the pen” and “to write on
lines” and “to write in a legible way”, were similar to the
responses we expected in terms of how to judge handwriting
quality.
As a group, children were asked to evaluate handwriting sam-
ples written in English (ignoring the content of the text) that
were shown using a projector. The children were asked to
consider the context of the writing as well as its presenta-
tion. Speculation of one handwriting sample (as shown in
Figure 3), included comments such as “it’s not readable” and
“looks like my father’s handwriting” and “it looks as though
it was written by an adult because it looks as if it was writ-
ten in a hurry”. The subsequent evaluation session in small
groups showed that children were capable of assessing hand-
writing samples in a complete and confident way. Methods of
annotation varied between groups: some used post-its, others
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(a) Some groups annotated handwriting samples using post its. (b) Some annotations of handwriting used different colours.
Figure 5: Children assessed and commented on handwriting samples in pairs.
directly annotated the text sample, sometimes using different
colours (see Figures 5(a)&(b)).
During the Technology and Prototyping session children were
engaged by the discussions and videos of current pen tech-
nologies. They understood that there are already some pen
technologies that ‘know’ what is written down, i.e., the ca-
pability of some pens to capture and turn handwritten notes
into typed text. Similarly, children had a good grasp of the
process of prototyping, visible in comments such as: “a pro-
totype is a scheme of what we want to build” and “a prototype
is something we make to do tests”.
Building their design
The children were excited about creating their own Pen of
the Future. One child remarked “to make the pen is better
than writing”. As mentioned earlier, whilst asked to work
together in small groups, ten of the children opted to work in-
dividually - each child chose their prototyping materials from
a table at the front of the class (see Figure 4(c)). Children
had around one hour to complete their design, annotate and
present it (see Figure 4(d)). Below we outline the children’s
designs, which can be seen in Figure 6. The features included
in the final prototypes can be categorized into futuristic qual-
ities and aesthetic qualities.
Futuristic Qualities
Of the eleven Pen of the Future prototypes, eight have what
we call ‘futuristic’ qualities, that is, qualities that go beyond
the capabilities of current technology. Six designs included
features such as the ability of the pen to write or erase by
itself (see Figure 6(a),(b),(d),(e),(g)&(i)). Four designs fea-
tured functionalities to automatically complete homework or
exams (see Figures 6(e),(f),(i)&(j)) either through dictation
or through inherent ‘knowing’. Four of the children’s designs
incorporated some kind of translation property - the ability to
write in different languages (see Figures 6(a),(d),(g)&(j)).
Two of the designs considered the concept of writing speed
into their design. For example, one included a simple clock
with a timer function that displayed the time you had spent
writing (see Figure 6(c)). Another, featured a more futuristic
capability to select the speed of the users handwriting (see
Figure 6(b)). Of all the designs, only one pen considered the
handwriting quality - the ability to select the kind of quality
of handwriting (see Figure 6(b)).
Aesthetic Qualities
All of the children enjoyed the process of creating their pro-
totype, and all presented the design of their pen with en-
thusiasm. Some of the children named their design such as
“Mimosa”, “Bolonix”, “Time Pen”, and “Expert”, (see Fig-
ures 6(f),(j),(c)&(g) in that order). Three children described
the potential cost of the pen (see Figure 6(b)(i)&(j)) after pro-
duction (2–5 Euro).
Children used colours to help make their designs more
attractive, or add buttons for functionality (see Fig-
ures 6(a),(b)&(c)). When presenting their designs to the
group, five children mentioned particular design aspects. Of
all the prototypes, only one pen design focused solely on the
form and ignored any extra functionality– this pens special
feature was the capability to customise and modify itself ac-
cording to its user’s preferences (see Figure 6(h)). In other
designs, the incorporation of Portuguese colours (see Fig-
ure 6(d)), glitter ink (see Figure 6(f))and a spiral microphone
(see Figure 6(g)) demonstrated that the children had given
thought to the aesthetic qualities, in particular the form and
visual appearance of their prototype design.
DISCUSSION
When asked to evaluate the Creativity Lab session all children
reported that they enjoyed the activities. The incorporation of
the earlier sections helped children to get used to the work-
shop environment, the other children and to become confident
with the topic. However, the training that children received in
handwriting evaluation early on in the workshop appeared to
have little influence on the prototypes they produced. The re-
sultant pen designs from the workshop raise some interesting
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(a) Prototype with buttons for language functions and auto-writing. (b) Prototype has buttons to select writing speed and costs 5 Euro.
(c) The‘Timepen’ uses a simple timer. (d) Pen has colours of Portuguese flag, and language functionality.
(e) This pen writes itself to compete homework and exams. (f) The ‘Mimosa’ pen completes homework in glitter ink.
Figure 6: The children’s prototype ‘Pen of the Future’ were presented to the group (cont. on next page).
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(g) The ‘Expert’ pen features a spiral microphone and writes by itself
in many languages.
(h) This pen focused on its customisable design.
(i) For 5 Euro this pen will do your homework for you. (j) The ‘Bolonix’ pen can complete your homework and exams, in any
language for 2 Euro.
(k) This pen uses colour to make an eye catching design.
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questions. Children are liable to include almost ‘magical’ fu-
turistic elements in their designs. However, they were able to
create designs that were also very grounded and present po-
tentially interesting functionality - such as a timer function,
or the incorporation of a microphone for dictation.
Limitations and Future Work
This ACE Creativity Lab has shown that design workshops
with children can be valuable to brainstorm ideas around
(handwriting) technology in the context of learning. While
our workshop was limited to a specific age and cultural back-
ground of children, we would like to run similar creativity
sessions with groups of children in the future, considering
different age groups, cultural backgrounds, and exposure to
technology which will allow for interesting comparisons.
The children in our workshop were able to build viable pro-
totypes using plasticine and other available craft materials.
However, incorporating more varied materials may result in a
wider range of valuable prototype designs.
CONCLUSION
In this paper, we documented our Pen of the Future Creativity
Lab where we asked children to participate in creative proto-
typing sessions to gain better insights into the opinions and
ideas that children have regarding the use of digital technol-
ogy to improve handwriting skills.
Children enjoyed participating in the creative workshop and
the large variety of designs reflects interesting and novel fea-
tures they would like to see embedded in future pen tech-
nology. The findings from the presented prototypes provide
some insights into features that may be useful in the design
of future digital writing tools aimed at children or for edu-
cational environments. Repeating the workshop in different
contexts and with children of different age groups and cul-
tural backgrounds may open up the discussion up for more
detailed findings and comparisons.
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